1. Introduction {#s0005}
===============

Atorvastatin calcium ([Fig. 1](#f0005){ref-type="fig"}) is a calcium (βR, ΔR)-2-(ρ-fluorophenyl)-β, Δ-dihydroxy-5-isopropyl-3-phenyl-4-(phenylcarbamoyl) pyrrole-1-hepatanoic acid(1:2) trihydrate. C~66~H~68~CaF~2~N~4~O~10~·3H~2~O=1209.4 [@bib1], which is one of the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor (a statin). It is a lipid regulating drug with actions on plasma lipids similar to those of simvastatin. It is used to reduce LDL-cholesterol, apolipoprotein B, and triglycerides, and to increase HDL-cholesterol in the treatment of hyperlipidaemias [@bib2], [@bib3], [@bib4].Figure 1Chemical structure of atorvastatin.

Several studies have been reported for the determination of atorvastatin in pharmaceutical and/or biological fluids including spectrophotometric methods [@bib5], [@bib6], [@bib7], [@bib8], electrophoresis [@bib9], [@bib10], polarographic method [@bib11] and chromatographic methods with different detectors [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20]. To the best of our knowledge, none of the reported procedures describe spectrofluorimetric method for the determination of atorvastatin. Thus, an attempt was made to develop a new, rapid, sensitive and validated spectrofluorimetric procedure for the determination of atorvastatin.

2. Experimental {#s0010}
===============

2.1. Materials and reagents {#s0015}
---------------------------

Atorvastatin calcium powder (Batch No. 1617357) was kindly supplied by El-Oboure Pharmaceutical Company. Atorvastatin tablets (each tablet contains 20 mg of atorvastatin), manufactured by Pfizer (Batch No. 084540), were purchased from the Egyptian market. All reagents and chemicals used were of analytical grade and all were purchased from Sigma--Aldrich (Steinheium, Germany). Glass distilled water was further purified using Milli-Q water purification system (Millipore, Bedford, MA, USA). Buffers of different pH values were prepared as prescribed in British Pharmacopeia [@bib21]:•Acetate buffer (pH 2.45): Mix 200 mL of 1 M hydrochloric acid with 200 mL of 1 M sodium acetate and dilute to 1000 mL with water. Immediately before use adjust the pH to 2.45 by the addition of 1 M hydrochloric acid or 1 M sodium acetate, as required.•Acetate buffer (pH 2.8): Dissolve 4 g of anhydrous sodium acetate in about 840 mL of water, add sufficient glacial acetic acid to adjust the pH to 2.8 (about 155 mL) and dilute to 1000 mL with water.•Acetate buffer (pH 3.4): Mix 5 volumes of 0.1 M sodium acetate with 95 volumes of 0.1 M acetic acid.•Acetate buffer (pH 4.5): Dissolve 77.1 g of ammonium acetate in water, add 70 mL of glacial acetic acid and dilute to 1000 mL with water.•Acetate buffer (pH 5.0): Dissolve 13.6 g of sodium acetate and 6 mL of glacial acetic acid in sufficient water to produce 1000 mL.•Acetate buffer (pH 6.0): Dissolve 100 g of ammonium acetate in 300 mL of water, add 4.1 mL of glacial acetic acid, adjust the pH, if necessary, using 10 M ammonia or 5 M acetic acid and dilute to 500 mL with water•Phosphate buffers (pH 5.8--8.0): Mix 50 mL of 0.2 M potassium dihydrogen orthophosphate with different quantities of 0.2 M sodium hydroxide and dilute to 200 mL with water.•Phosphate buffer (pH 9.0): Dissolve 1.74 g of potassium dihydrogen orthophosphate in 80 mL of water, adjust the pH, if necessary, with 1 M potassium hydroxide and dilute to 100 mL with water.•Borate buffer (pH 10): To 50 mL of a solution containing 0.6189 g of boric acid and 0.7456 g of potassium chloride add 36.85 mL of 0.2 M sodium hydroxide, adjust pH to 10 using 0.2 M sodium hydroxide and dilute with water to 200 mL.

2.2. Standard solutions {#s0020}
-----------------------

Stock solutions of atorvastatin were prepared by dissolving the compound in methanol at concentration of 200 μg/mL.

2.3. Apparatus {#s0025}
--------------

Fluorescence spectra and measurements were recorded using PerkinElmer luminescence spectrometer LS 45 (UK), equipped with 150 W Xenon arc lamp. The slit widths for both excitation and emission monochromators were set at 10 nm. A pH-meter (Mettler-Toledo GmbH, Switzerland) was used for pH adjustment.

2.4. Procedures {#s0030}
---------------

### 2.4.1. Spectrofluorimetric method using acetate buffer (pH 3.4) {#s0035}

Different aliquots of atorvastatin stock solution (200 μg/mL in methanol) ranging from 50 to 100 μL were transferred to 5 mL volumetric flask. One milliliter of acetate buffer (pH 3.4) was added to each volumetric flask. The solutions were diluted to volume with ethanol: water (50:50, v/v), shaken vigorously and immediately measured. The fluorescence intensity was measured at 389 nm (*λ*~Ex~=276 nm).

### 2.4.2. Spectrofluorimetric method using 5% acetic acid (pH 2.5) {#s0040}

Different aliquots of atorvastatin stock solution (200 μg/mL in methanol) ranging from 50 to 200 μL were transferred to 10 mL volumetric flask. The solutions were diluted to volume with acetic acid (5%, v/v), shaken vigorously and immediately measured. The fluorescence intensity was measured at 389 nm (*λ*~Ex~=276 nm).

### 2.4.3. Spectrofluorimetric method using methanol {#s0045}

Different aliquots of atorvastatin stock solution (200 μg/mL in methanol) ranging from 25 to 125 μL were transferred to a 10 mL volumetric flask. The solutions were diluted to volume with spectroscopic methanol, shaken vigorously and immediately measured. The fluorescence intensity was measured at 389 nm (*λ*~Ex~=276 nm).

### 2.4.4. Analysis of Lipitor^®^ tablets {#s0050}

Ten Lipitor^®^ tablets were weighed, crushed and mixed in a mortar. An amount of powdered mass equivalent to 20 mg of atorvastatin was weighed and transferred to a 50 mL conical flask, the drug from powder was dissolved and extracted with methanol. To ensure complete extraction of drug it was sonicated for 15 min. The extract was filtered, and residue was washed with methanol. The extract and washing solution were pooled and transferred to a 100 mL volumetric flask and volume was made with methanol. This solution was analyzed as described in the general analytical procedure ([Section 2.4](#s0030){ref-type="sec"}.)

3. Results ad discussion {#s0055}
========================

3.1. Spectrofluorimetric method using acetate buffer (pH 3.40) {#s0060}
--------------------------------------------------------------

Atorvastatin presents a native fluorescence with slight differences in both acidic and basic media as shown in [Fig. 2](#f0010){ref-type="fig"}. The excitation and emission spectra at pH 3.4 using acetate buffer (spectra 3, 4) and at pH 9.0 using phosphate buffer (spectra 1, 2) are shown in [Fig. 2](#f0010){ref-type="fig"}. As can be seen the fluorescence of atorvastatin in acetate buffer (pH 3.4) is slightly higher than that in phosphate buffer (pH 9.0). The emission and excitation wavelengths were recorded at 389 and 276 nm, respectively.Figure 2The excitation and emission spectra at pH 9 using phosphate buffer (spectra 1, 2) and at pH 3.4 using acetate buffer (spectra 3, 4) of 2 μg/mL atorvastatin.

To regulate the pH, different buffers; acetate, phosphate and borate buffers prepared as described in British Pharmacopoeia, were tested. The variation of the emission intensity at 389 nm (*λ*~Ex~=276 nm) of atorvastatin versus the pH of the different buffers is shown in [Fig. 3](#f0015){ref-type="fig"}. The maximum fluorescence intensity was recorded with acetate buffer; therefore acetate buffer was chosen as the best buffer to regulate the pH of atorvastatin.Figure 3Effect of different buffers on the fluorescence intensity of 2.5 μg/mL atorvastatin.

The effect of acetate buffer (pH 3.4) on the fluorescence intensity of atorvastatin expressed by the number of milliliters of buffer added to a 5 mL volumetric flask is shown in [Fig. 4](#f0020){ref-type="fig"}. As can be seen one milliliter of acetate buffer is sufficient to produce the maximum fluorescence of atorvastatin. Also the effect of the measuring time was examined between 5 and 30 min. The fluorescence slightly decreased as the time increased. Therefore, immediate measurement is preferable. The influence of the temperature was studied between 20 and 50 °C and it could be observed that the fluorescence intensity decreased when the temperature increased. For that reason 20 °C was chosen for further experiences.Figure 4Effect of acetate buffer (pH 3.4) on the fluorescence intensity of 2.5 μg/mL atorvastatin.

3.2. Spectrofluorimetric method using 5% acetic acid {#s0065}
----------------------------------------------------

The different experimental parameters that affect the fluorescence intensity of atorvastatin in acetic acid were carefully studied and optimized. The effect of acetic acid concentration on the fluorescence intensity of atorvastatin expressed as percentage (v/v) is shown in [Fig. 5](#f0025){ref-type="fig"}. As can be seen 5% acetic acid is sufficient to produce the maximum fluorescence of atorvastatin. Also the effect of the measuring time was examined between 5 and 30 min. The fluorescence slightly decreased as the time increased. Therefore, immediate measurement is preferable. The influence of the temperature was studied between 20 and 50 °C and it could be observed that the fluorescence intensity decreased when the temperature increased. For that reason 20 °C was chosen for further experiences.Figure 5Effect of acetic acid concentration on the fluorescence intensity of 1.5 μg/mL atorvastatin.

3.3. Spectrofluorimetric method using methanol {#s0070}
----------------------------------------------

The fluorescence intensities of atorvastatin in different solvents are shown in [Fig. 6](#f0030){ref-type="fig"}. It could be observed that methanol or ethanol increases the signal of fluorophore.Figure 6Effect of different solvents on the fluorescence intensity of 1.5 μg/mL atorvastatin.

The fluorescence characteristics of atorvastatin have been established in acidic, basic and neutral media. When comparing the three methods with each other, they showed a good linearity in all cases. A comparison also revealed that the using of 5% acetic acid or methanol as a co-solvent was much better than the using of acetate buffer due to their higher sensitivity.

3.4. Validation of the method {#s0075}
-----------------------------

### 3.4.1. Linearity, detection and quantification limits {#s0080}

Satisfactory linearity (*r*\>0.999) was obtained for the three proposed spectrofluorimetric methods. The analytical parameters of the proposed methods are summarized in [Table 1](#t0005){ref-type="table"}. The detection limit and the quantification limit were calculated using the following equation [@bib22]:$$DL;\quad QL = (F \times SD)/b$$where *F* is the factor of 3.30 and 10 for *DL* and *QL*, respectively. *SD* is the standard deviation of the blank and *b* is the slope of the regression line. The estimated limits were verified by analyzing a suitable number of samples containing the analyte at the corresponding concentrations.Table 1Regression characteristics and assay parameters of the proposed methods.ParametersSpectrofluorimetric method using acetate buffer (pH 3.4)Spectrofluorimetric method using 5% acetic acidSpectrofluorimetric method using methanolLinearity range (μg/mL)1.50--4.001.00--4.000.50--3.00Detection limit (DL) (μg/mL)0.030.010.01Quantification limit (QL) (μg/mL)0.750.130.13  Regression equation[\*](#tbl1fnStar){ref-type="table-fn"} Slop (*b*)97.1451.60111.39 Intercept (*a*)46.0916.1423.32Correlation coefficients (*r*)0.99960.99980.9995[^1]

### 3.4.2. Precision and accuracy {#s0085}

Samples of pure atorvastatin were prepared and tested using the proposed procedures. The results obtained for pure drugs are given in [Table 2](#t0010){ref-type="table"}. To ascertain the accuracy of the proposed procedures, they were successfully applied for the determination of atorvastatin in Lipitor^®^ tablets, as presented in [Table 3](#t0015){ref-type="table"}.Table 2Determination of atorvastatin by the proposed spectrofluorimetric methods.Spectrofluorimetric method using acetate buffer (pH 3.4)Spectrofluorimetric method using 5% acetic acidSpectrofluorimetric method using methanolKnown concentration (μg/mL)Concentration found (μg/mL)Recovery (%)Known concentration (μg/mL)Concentration found (μg/mL)Recovery (%)Known concentration (μg/mL)Concentration found (μg/mL)Recovery (%)2.001.9698.041.501.4898.870.500.51102.462.502.54101.572.002.03101.351.001.02101.683.003.01100.402.502.4899.131.501.4999.113.503.52100.443.003.02100.632.001.9798.654.003.9799.323.503.51100.232.502.4899.214.003.9999.663.003.04101.32  Mean99.95100.2099.99*N*5.006.006.00*SD*1.780.731.95R.S.D. (%)1.330.861.40Table 3Determination of atorvastatin in Lipitor^®^ tablets (20 mg) by the proposed spectrofluorimetric methods.Spectrofluorimetric method using acetate buffer (pH 3.4)Spectrofluorimetric method using 5% acetic acidSpectrofluorimetric method using methanolKnown concentration (μg/mL)Concentration found (μg/mL)Recovery (%)Known concentration (μg/mL)Concentration found (μg/mL)Recovery (%)Known concentration (μg/mL)Concentration found (μg/mL)Recovery (%)2.001.9798.622.001.9999.751.001.03102.922.502.59103.443.003.02100.601.501.4798.033.003.15105.104.004.02100.532.001.9698.183.503.59102.672.502.54101.474.003.9999.953.003.12104.09  Mean101.96100.29100.94*N*5.003.005.00*SD*2.640.472.75R.S.D. (%)1.160.271.22

3.5. Statistical analysis of the results in comparison with the official methods {#s0090}
--------------------------------------------------------------------------------

The results of the analysis of the drug were compared statistically by the Student\'s *t-*test and the variance ratio *F-*test with those obtained by the reported methods [@bib5]. The *Student\'s t-*values at 95% confidence level did not exceed the theoretical values, indicating that there was no significant difference between the proposed methods and the reported method. It was also noticed that the variance ratio *F-*values calculated for *p*=0.05 did not exceed the theoretical values, indicating that there was no significant difference between the precision of the proposed methods and the reported method. The results are given in [Table 4](#t0020){ref-type="table"}.Table 4Statistical analysis of pure atorvastatin by the proposed spectrofluorimetric methods.ItemsSpectrofluorimetric method in acetate buffer (pH 3.4)Spectrofluorimetric method using 5% acetic acidSpectrofluorimetric method using methanolReported method [@bib5]Mean (%)99.9599.98100.41100.97*N*5.006.006.007.00*V*1.780.882.571.47*SD*1.330.941.601.21R.S.D. (%)0.600.380.650.45*F-*test1.23 (4.53)[a](#tbl4fna){ref-type="table-fn"}1.63 (4.95)[a](#tbl4fna){ref-type="table-fn"}1.77 (4.39)[a](#tbl4fna){ref-type="table-fn"}Student\'s *t-*test1.34 (2.228)[a](#tbl4fna){ref-type="table-fn"}1.57 (2.179)[a](#tbl4fna){ref-type="table-fn"}0.70 (2.179)[a](#tbl4fna){ref-type="table-fn"}[^2]

4. Conclusion {#s0095}
=============

In this work three spectrofluorimetric methods for the determination of atorvastatin are proposed. All of them present several advantages, such as rapid preparation of the samples and short time of analysis where all the measurements can be made just after preparation.

[^1]: *y=a+bx* where *y* is the fluorescence and *x* is the concentration.

[^2]: The figures in parenthesis are the corresponding tabulated values at *p*=0.05.
